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Introduction

33
One of the great challenges for the conservation of biodiversity is the control of invasive species. It 34 has been widely documented that the introduction of exotic or invasive species has negative 35 implications on the dynamics of ecosystems through the modification of the composition and 36 decrease in species richness with effects on ecological interactions (intra and interspecific), and effects 37 on competition and facilitation, among others [1] [2] [3] [4] [5] . It has been observed that invasive species
38
indirectly modify the physical-chemical properties of the soil, affecting the accumulation of organic 39 matter, nutrients cycling, and they can influence the frequency and intensity of fires [6, 7] . It is 40 estimated that the introduction of invasive species and the change of land use are the main threats to observed that secondary succession is one of the processes that is mainly affected by the introduction 48 of invasive species. It has been observed that the introduction of invasive species can modify the 49 patterns of dominance and establishment of species from the initial phase of succession [14] .
50
Moreover, the introduction of non-native species can alter the composition of soil microorganisms 51 [6, 7] , as well as (alterations of the biological factors, and the physical-chemical environment [ 
58
can be seen as stable (quarries, mine sites, communities invaded for exotic species) and will not 59 change unless a force is applied that reactivates, accelerates and directs the succession path.
60
Pteridium aquilinum (L.) Kuhn is considered one of the most successful global invasive species. Its 61 distribution is related to processes of land use change derived from human activities, e.g. agricultural
62
and livestock activities [19] . This species is particularly successful when light is not a limiting resource 63 [20, 21] . Due to its mechanism of dispersal by spores, its allelopathic characteristics, and its ability to 64 tolerate a wide range of environmental and soil conditions have helped to colonize almost all 65 terrestrial ecosystems, except for deserts [22, 23] . Additionally, through the creation of a physical 66 barrier generated by the density of its canopy it hinders the establishment of native species [24] .
67
Similarly, it has been observed that the accumulation of biomass from the dry fronds of individuals 68 modifies the frequency and intensity of fires [25, 26] . This exhausts the seed bank and limits the 69 growth of seedlings [27] . Finally, the lack of competitors for limiting resources [28] , and the absence 70 of pests and herbivory, their resistance to fire due to their ability to regrow from their rhizomes, give 3 of 18 believe that this may be a priority for strategies to restore areas affected by one of the most important 84 invasive species in the world. Finally, it is important to mention that the establishment of invasive 85 species affects the possibility of maintaining the net primary production of the ecosystems [37, 38] .
86
Consequently, the aim of this work was to determine the effect of the invasion of P. aquilinum on the 87 generation of alternative states that modify the routes of secondary succession in a seasonally dry 88 forest; and to determine if the different treatments contribute to restore the original secondary 89 succession of the system.
91
Materials and Methods
92
Study area
93
The study was carried out in the ejido (communally managed land) Laguna Om (-89 
99
The ejido is located in the geological formation called "Petén", which belongs to the Paleocene-Eocene 
151
The variation in the composition of species was analyzed through an analysis of correspondence: The 
178
The variation gradient observed between the treatments is wide (4.622 SD), which suggests a wide the treatments with greater degree of differentiation in the composition of species, and T1 and T2
186
those that presented the lower percentage of differentiation (Table 2 ).
187 188 
212
Relative Importance value index (IVI) of the species.
213
The IVI was obtained in each of the four treatments and (Figure 3) 
244
of the areas and the species richness, particularly that the estimator of T3 is almost twice than in T1
245
and T2. When analyzing the effect of soil nutrients on species richness, it is observed that there are 246 no significant differences between them (Table 4 ). The abundance of individuals, and the richness of 247 species, showed significant differences between abundance and treatments; and to a much lesser 248 extent differences were observed in abundance with respect to soil nutrients, except for phosphorus 249 and potassium (Table 4 ). It was observed that abundance increases related to the intensity of the 250 treatment, with the exception for the T2 that showed the lowest abundance of individuals ( 
268
Effects of P. aquilinum on the vegetation structure 
276
The species with the highest densities recorded in the four treatments is a group of species with 
288
The variation of species richness and abundance recorded by the rarefaction results is attributed to 289 the invasion of P. aquilinum (L.) Kuhn and the history of land use in the area.
290
The results show that the species richness in T1 and its low diversity are best explained given that T1
291
was frequently burnt and the absence of seed bank. The low richness of species can be explained by
292
the different edaphic conditions present in each type of treatment (depth, stoniness among others).
293
Fires, occasional or frequent, favor the spread of bracken fern, but is also dependent on the seasonality 
296
The dissimilarity between treatments T1 and T2 was the highest and was the consequence of the 297 invasion of P. aquilinum (L.) Kuhn. The species composition was not similar between treatments, not 298 even in the areas that were invaded by P. aquilinum (L.) Kuhn. Although, at three of the treatments
299
were Pteridium dominated their history of use contributes to the non-similarity of species richness.
300
The level of dissimilarity in the area explains why the age of the vegetation could influence the results
301
and restricts the regeneration in T1 due to the absence of seed banks and to the frequency of burning 302 and eventually interrupts the succession. The T2 treatment and its management allows the 303 development of a seed bank and self-thinning of the species after of fire. The surviving species 304 manage to facilitate secondary succession, with increased shaded areas affecting bracken fern cover.
305
It can be observed that there was a high floristic dissimilarity among all studied treatments (Table 3) .
306
The high dissimilarities explain that most species of one treatment do not repeat in the other 307 treatments.
308
The T2, T3 and T4 treatment were almost of the same age but T4 was not invaded by P. aquilinum 
309
315
The treatments differ in richness outlined previously, however, the evaluation of the nutrients on the 316 treatments did not present significant differences (Table 4) .
317
The results of this work do not show that soil nutrients (N, P and K) have a relationship with species 318 richness, it differs with richness of the evaluated species. Table 5 indicates that N and P were slightly 319 significant. The content of K on the density of species is significant and negative. This would indicate 320 that the presence of K the probability of increasing species richness is lower. Finally, the level of N is 321 significant but positive which means that it increases the abundance of species in the treatments. The
322
results of the present investigation coincide with John et al [74] where soil resource availability is 323 relevant to tree species composition. 
329
Changes in bracken cover and abundance in secondary forests are also influenced by competitive 
335
individual tree species to grow on bracken stands and eventually establish with a closed canopy.
336
Our data have shown that the presence of a tree canopy reduces the area covered by bracken.
337
However, effective growth of tree seedling like Lysiloma latisiliqua requires sufficient light on soils.
338
Some disturbance is therefore positive to an improved establishment of seeds at given times during 339 the succession. The resprouting tree species reach sufficient heights compared to the bracken canopy,
340
under specific recovery strategies.
341
Large scale bracken dominance in areas formerly covered by seasonal dry tropical forest is the (Figure 4 ). This study clearly shows that the introduction of P.
362
aquilinum leads to the establishment of an alternative state (T1), because, even though the site has 363 been abandoned for more than 50 years, the dominant species is P. aquilinum. The composition of 364 woody species that managed to survive the last burning are species with resprouting capacities. This 365 study showed that the application of community recovery strategies break the alternative state
366
( Figure 4 ) and re-establish the processes of secondary succession, increasing the species richness and 367 the establishment of resprouting species, and those coming from seed rain of the surrounding 368 vegetation matrix.
370
Conclusions
371
Our study has important theoretical and practical implications for the recovery of sites invaded by P. 
